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In northwestern Spain, F. verticillioides is the most abundant fungal species in maize kernels and a 
91
Therefore, the objectives of this study was: i) to determine the relationship between F. verticillioides 92 infection and growth and fumonisin content in maize kernels at harvest, and ii) to find out 
118
Husks were removed manually and ears were dried at 35 °C for one week. Ears were maintained at 119 4 °C and 50 % humidity, and subsequently kernels were shelled and maintained at the same 120 conditions until analyses were performed. 
133
silking to harvest; the flowering period, from 15 days before silking to 15 days after silking; critical 134 period 1 (C1), from 10 to 4 days before silking; critical period 2 (C2), from 4 days before silking to 2 135 days after silking; critical period 3 (C3), from 2 to 8 days after silking; critical period 4 (C4), from 8 136 to 14 days after silking; milk-dough kernel stage, from 16 to 30 days after silking; dent kernel stage,
137
from 31 to 45 days after silking; kernel developing period, from silking to physiological maturity; 138 kernel drying period, from physiological maturity to harvest.
139
Mid-silking and mid-tasseling dates were recorded for each plot. Ear height and plant height of five 140 random plants per plot were measured. At harvest, husk coverage was evaluated at each subplot by 141 a visual scale from 1 (loose husks with visible cob) to 5 (tight husks). The following variables were 142 also recorded in five random ears or plants: ears were evaluated for kernel and rachis damage by 143 corn borers (ear damage) on a visual rating scale from 1 to 9, where 1 > 90% damaged, 2 = 81 to 90% 144 damaged, 3 = 71 to 80% damaged, 4 = 61 to 70% damaged, 5 = 41 to 60% damaged, 6 = 31 to 40% 145 damaged, 7 = 21 to 30% damaged, 8 = 1 to 20% damaged, and 9 = no damage; stem damage by 146 borers was measured as tunnel length; percentage of kernel humidity was measured using a 147 humidimeter; after drying, the number of damaged kernels by S. cerealella per ear was recorded. The 148 percentage of kernels with damaged pericarp was calculated from a random 100 kernel sub-sample 149 per sub-plot. For a better damage detection, kernels were stained in a 0.1% Brilliant Blue (Sigma St.
150
Louis, MO, USA) solution for 30 s according to Henry and Kettlewell (1996) . Finally, pericarp 151 thickness was measured in at least 10 random kernels per sub-plot using a micrometer and
152
following Wolf et al., (1969) 
170
After cooling, samples were neutralized with 1 ml of 1 M hydrochloric acid and treated with 2 ml of 171 methanol. The samples were partitioned with 3 × 4 ml of pentane, and the extracted top pentane 172 layers were combined and evaporated in a rotary evaporator at 50 °C. The extracts were redissolved 173 in 0.5 ml of methanol HPLC grade and passed through a 13 mm nylon syringe filter, 0.45 µm pore 174 size, into HPLC vials, and stored at -20 °C until HPLC analysis. Ergosterol was quantified with a
175
Shimadzu HPLC-system equipped with a diode array detector set at 282 nm. HPLC separation was 176 carried out at room temperature by injection of 50 µL of sample onto an ACE C18 column (150 × 4 177 mm i. d., 5 µm particle size) at a flow rate of 2 ml/min with acetonitrile -methanol (90% -10%) as 178 eluent under isocratic conditions. Quantification was performed using external calibration with 
224
After standardization of covariates, factorial regression analyses were performed with the INTERA 225 software (Decoux and Denis, 1991). All terms were tested against the residual experimental error.
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RESULTS
227
F. verticillioides infection and fungal growth in maize kernels
228
The average percentage of kernels infected by F. verticillioides was 18.6%, while the percentage of 229 kernels infested by F. verticillioides (not surface disinfected kernels) reached 78.3%. Analysis of 230 variance showed that differences for F. verticillioides infection were significant among years, 231 locations, harvest dates, and hybrids, and non-significant differences were found between planting 232 dates. Infection was lower at early harvests (16.9%) than at late harvests (20.3%) and varied among 233 locations from around 5% (in the inland location) to 35% (Table 1) . Hybrids showed significant 234 differences for F. verticillioides infection, hybrids CM151 × EP39 and EP42 × EP47 having more 235 kernels infected by F. verticillioides (27.0% and 22.7%, respectively). F. verticillioides infestation had a 236 similar behavior than F. verticillioides infection, but showed higher percentages, and differences
237
were only significant among locations and harvest dates (Table 1) .
238
Differences for ergosterol concentration were significant among locations, planting dates, and 239 hybrids (Table 1) . Ergosterol concentration in kernels was lower after late plantings (2.29 µg/g) than
240
early plantings (5.97 µg/g). Hybrids CM151 × EP39 and EP42 × EP47 had the lowest (1.71 µg/g) and
241
the highest (6.13 µg/g) ergosterol concentrations, respectively. Table 1 . There were significant differences among all main factors for all traits,
268
except between plantings and harvests for ear damage by corn borers and between plantings for 269 kernel damage by S. cerealella. In the inland location, Valongo, husk tightness, kernel moisture, and 270 pericarp thickness were higher and insect damage and pericarp damage were lower than in the 271 coastal locations. This behavior was also observed after late plantings or early harvests compared to 272 early plantings and late harvests, respectively, except for ear damage by corn borers. (Tables 2-4) 
296
68%), while the only significant cross-product was husk tightness × relative humidity during C2 297 (Table 2) . (Table 4) . Ear damage by corn borers explained most of the environmental 316 variation (70.1%); less ear damage (higher ratings) was related to less total FB content in kernels.
317
The number of days with maximum temperature ≥ 30 °C from 2 to 8 after silking (C3) and days with 318 rainfall ≥ 2 mm during the drying period had a positive effect on total FB concentration, and both 
420
The importance of ear damage by insects to kernel infection by F. verticillioides also can be seen in 
19
Husk tightness explained most of the variation for ergosterol concentration due to genotype effects.
445
Hybrids with tighter husk had less ergosterol in their kernels. Good husk coverage protects the 446 kernels against external damage and reduces kernel colonization by windborne or waterborne 447 spores. Husk tightness × percentage of kernels with damaged pericarp was the only significant 448 genotype × environment cross-product. This result suggests that husk tightness was a more effective 449 barrier against fungal growth in maize kernels in environments conducive to pericarp damage.
450
Furthermore, an important fraction of the variation due to GE interaction was explained by the 451 interaction between husk tightness and the residual environment variation for ergosterol 
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